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Abstract: European wild rabbits  (Oryctolagus cuniculus) are  frequently translocated for hunting and  conservation 
purposes. Quarantining these  animals  prior  to release  reduces the risk of releasing  rabbits  incubating field infec- 
tions of myxomatosis or viral haemorrhagic disease (RHD), and it provides a way to vaccinate these animals against 
both  diseases. However the  optimal  quarantine period needed to achieve these  goals is not known. We therefore 
assessed the effects of quarantine lengths  (2, 4, 6, 8 weeks) on rabbit  biochemical parameters, immunity  induced 
by vaccination against  myxomatosis  and  RHD, and  survival of translocated rabbits.  We found that  levels of total 
bilirubin, urea  nitrogen, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) enzymatic activi- 
ties were significantly (P < 0.05) decreased during quarantine, independent of quarantine length, whereas hema- 
tocrit levels increased significantly. All pregnant female rabbits aborted or lost litters during quarantine. Serocon- 
version  against  myxomatosis  and  RHD  following  vaccination was not  related to  any biochemical parameter at 
vaccination time,  but  the  proportion of seronegative rabbits  that  seroconverted was moderate. The 
heterophil/lymphocyte ratio,  conjugated to unconjugated bilirubin ratio,  and  the  serum  AST and  creatinine lev- 
els we measured after  capture and  transport were directly  related to mortality  through the  quarantine period, 
whereas we found total serum  protein level was negatively related to mortality.  Mortality after release  was positive- 
ly related to urea nitrogen concentration and negatively related to hematocrit and the albumin/globulin ratio, but 
it was independent of quarantine length. Based on our findings, rabbit translocation programs that include a quar- 
antine period could  be improved by decreasing the  acute  stress induced by capture and  handling prior  to quar- 
antine;  facilitating  a more  rapid  access to high quality feed during quarantine; and improving  the vaccination pro- 
tocol.  In addition, the  release  from  quarantine of rabbits  should  be determined by their  physical condition, not 
merely by elapsed  time in quarantine. 
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Translocation, or the  deliberate and  mediated 
movement of wild individuals or populations from 
1 part of their range  to another (IUCN 1996, Grif- 
fith et al. 1989), is an important wildlife manage- 
ment tool. While many factors are involved in 
translocation success, the possible transmission of 
new disease agents into the release  area is of pri- 
mary importance because these diseases may have 
a major  impact  on  native  species (Viggers et al. 
1993, Wolf et al. 1996). One  of the steps taken  to 
minimize  the risk of disease transmission during 
translocations is disease monitoring in the source 
population and  in the  native population that  in- 
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habits the release area. The main veterinary  tools 
used to reduce the  risk of importing new patho- 
logical agents are sanitary control, which consists 
primarily of quarantining animals for a specific pe- 
riod  of time  prior  to translocation, and  treating 
these animals prophylactically against diseases 
known to be endemic in the release area (e.g., by 
vaccination; Jacobson 1993, Spalding and Forrester 
1993, Viggers et al. 1993). The quarantine period 
is dependent on the maximum incubation period 
of diseases known to affect the animal  (Woodford 
and Kock 1991), but it may be extended when an- 
imals are incubating a field infection or are devel- 
oping immunity induced by vaccination.  However, 
quarantine can place a high level of stress on ani- 
mals caught  in the wild, and this level of stress is 
dependent on the species and individual  charac- 
teristics  of the  animals  (Woodford and  Rossiter 
1993). In designing translocation programs, vet- 
erinarians and  biologists must take into  account 
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the trade-off  between  minimizing disease risks in 
the native and translocated species and the effects 
of the quarantine period on the health, behavior, 
and survival of the translocated species. 
In Spain, translocation programs for the Euro- 
pean  wild rabbit  are designed to increase  popula- 
tions for hunting and conservation (Calvete et al. 
1997, Angulo 2003). The European wild rabbit  is 
considered the most important small game species 
in sport  hunting and is the main  prey species for 
most vertebrate predators (Angulo  2003). Several 
predators that are threatened with extinction 
(e.g.,  Iberian lynx [Lynx pardina], imperial  eagle 
[Aquila adalberti]), are  dependent on  abundant 
rabbit  populations (Delibes  and  Hiraldo 1981). 
The arrival of myxomatosis  in Spain in the 1950s 
(Muñoz  1960) and viral haemorrhagic disease 
(RHD) in 1989 (Argüello et al. 1988), however, led 
to substantial  reductions in rabbit population den- 
sity (Angulo  and Cooke 2002). Attempts  to boost 
rabbit  populations by translocations have in- 
creased, and the total number of translocated wild 
rabbits  has been  considerable (e.g.,  about  4,300 
rabbits  were released  in Doñana National Park 
from 1993 to 1995 with negligible success [R. Vil- 
lafuerte, unpublished data]). 
Myxomatosis and  RHD have become endemic 
diseases, and  periodic outbreaks have a substan- 
tial impact  on wild rabbit  populations (Calvete et 
al. 2002) resulting in an ongoing need  for translo- 
cation programs. During  large-scale, long-term 
translocation programs, however, translocated 
rabbits are taken simultaneously from several wild 
populations, making  the  updated sanitary moni- 
toring  of these source populations unreliable and 
increasing the probability of capturing animals in- 
cubating myxomatosis and RHD. Thus, a quaran- 
tine period is likely the most powerful sanitary tool 
to avoid the release  of animals  incubating myxo- 
matosis and  RHD among  native rabbits;  a quar- 
antine period can also be used to immunize 
translocated rabbits  by vaccination against  both 
diseases prior  to release. 
The utility of quarantine was tested by Calvete et 
al. (1997), who enhanced survival of batches  of 
translocated rabbits by controlling clearly diseased 
or injured animals. The incubation period of myx- 
omatosis  and the time following vaccination nec- 
essary to develop immunity  against RHD and 
myxomatosis in domestic  rabbits indicate that the 
quarantine period should  last at least 12–18 days 
(Argüello 1986, 1991). However, rabbits  may be 
quarantined for several weeks or months when an- 
imals that will be translocated are incubating myx- 
omatosis  or when there is need  to conform to a 
planned release  schedule. To date,  the effects of 
quarantine length  on the rabbits’ physiological re- 
sponses and survival after release and on the effi- 
cacy of vaccination have not been  tested. 
As part of its program to conserve several preda- 
tor  species,  the  Department of Natural  and  Na- 
tional  Parks of Doñana, in southwestern Spain, 
conducted wild rabbit translocation programs for 
several years, and the rabbits were quarantined 
prior  to release.  To determine the optimal  quar- 
antine period, we evaluated the effects of quaran- 
tine length  on the physiological  status of rabbits, 
on the efficacy of immunization induced by vacci- 
nation against myxomatosis and RHD, and on 
short-term survival after release. 
 
METHODS 
Capture and Transportation 
During  April 2001, trappers captured adult wild 
rabbits from several wild populations located 
around the area of Doñana; we used rabbits from 
this area to ensure that all captured rabbits had a 
high genetic  similarity to Doñana rabbits (Branco 
1995, Ferrand 1995). Trappers captured rabbits by 
ferreting and confined them  for 6–40 hr in small 
yards with drinking water and straw as bedding be- 
fore transportation. Since individuals  from differ- 
ent  populations were mixed  prior  to transporta- 
tion  to quarantine facilities, we were unable to 
document the exact origin of each rabbit  and the 
exact length  of time each was confined prior to be- 
ing received by the quarantine facilities. 
Prior  to transport, we sprayed  rabbits  with di- 
luted  cipermethrine insecticide to eliminate ec- 
toparasites. Rabbits were confined in plastic boxes 
(70 × 50 × 16 cm),  4–6 per box, and  transported 




Upon  arrival at quarantine facilities, we weighed 
and identified the sex of all rabbits and gave them 
numbered metallic ear tags. We tested pregnancy 
in females by palpation. We initially housed 67 rab- 
bits (39 females, 28 males) in quarantine facilities, 
and  we confirmed pregnancy in 24 (61.5%) fe- 
males. We incised  the  auricular marginal vein to 
obtain  a 3-ml blood sample without anticoagulant, 
2 micro-capillary  tubes  with K3EDTA anticoagu- 
lant, and 2 blood smears from each rabbit. We sub- 
divided serum  removed from blood  without anti- 
coagulant  into   aliquots.   Serum   was frozen   at 
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≤20°C for 1 week and then  kept at ≥80°C until an- 
alyzed. We subcutaneously vaccinated  all rabbits 
against RHD (Cylap-VHD, Sobrino-Cyanamid 
Laboratory, Madrid,  Spain)  and  in the  ear  skin 
with myxomatosis commercial vaccine against 
Sanarelli virus (Pox-Lap, Ovejero Laboratory, 
León,  Spain)  using a Dermoject injector. Estab- 
lished quarantine protocol also included subcuta- 
neous inoculations against nematodes with lev- 
amisol (Nemisol, Ovejero Lab., León, Spain), 
cestodes  with praziquantel (Droncit, Bayer His- 
pania  Laboratory, Barcelona, Spain),  and  trema- 
todes by the oral administration of triclabendazole 
(Fasinex, Novartis Farmaceútica Laboratory, 
Barcelona, Spain).  We administered all products 
at doses recommended for domestic  rabbits.  We 
prevented coccidiosis cases during quarantine by 
administering robenidine coccidiostatic with the 
commercial rabbit  pellet (60 mg/kg). 
Following inoculations, we housed rabbits  indi- 
vidually in flat-deck type cages commonly  used for 
commercial breeding of domestic  rabbits. We pro- 
vided lucerne hay and  straw in each  cage as bed- 
ding and nesting  material. All rabbits had free ac- 
cess to water and to food supplies  of lucerne hay 
supplemented with commercial rabbit pellets 
(16% crude  protein). To avoid pathological en- 
teric processes caused by rapid change in diet, we 
progressively  introduced rabbits  to commercial 
pellets,  with unlimited access 9–11 days after the 
start of quarantine. On the day prior to release, we 
weighed  rabbits  and  obtained blood  samples fol- 
lowing the same protocol as above. We inoculated 
rabbits  with a booster  injection against RHD and 
tagged them  with a radiocollar weighing approxi- 
mately 20 g and containing an activity sensor 
(AVM Instrument Company,  California, USA). To 
avoid variations due to adaptation to repeated 
handling, we handled each  rabbit  only twice to 
draw blood.  We took all blood  samples from 1000 
to 1300 hr. 
 
Blood Analyses 
We determined the biochemical parameters 
spectrophotometrically from serum samples; these 
included total bilirubin, conjugated and  uncon- 
jugated  bilirubin, aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT), urea 
nitrogen, creatinine, and total protein. We deter- 
mined  concentrations of the  serum  proteins al- 
bumin, total globulins,  and γ-globulins elec- 
trophoretically using cellulose acetate.  We used a 
hematocrit centrifuge to determine hematocrit. 
We performed differential leukocyte  counts  on 
blood smears stained  with a commercial stain 
(Quick  panoptic, QCA Lab., Madrid,  Spain).  We 
observed  cells under ×1,000 magnification; for 
each sample, we classified 100 leukocytes and cal- 
culated  the heterophil/lymphocyte ratio. 
To evaluate  the  efficacy of vaccination,  we de- 
termined serum  antibody  concentrations against 
RHD and  myxomatosis  using commercial ELISA 
kits  (Ingezim  rabbit,   Ingenasa  Laboratory, 
Madrid, Spain, for RHD; and CIVTest cuni, Hipra 
Laboratory, Gerona, Spain, for myxomatosis). We 
expressed antibody  concentration as Relative In- 
dex of Immunity (RI), in which the optical density 
(OD) of each  sample  was related to the  ODs of 
positive and  negative  controls. Relative Index  of 
Immunity values ranged from 1 to 10, and we 
scored sera with RI ≥2 as positive. 
 
Release, Monitoring, and Determination 
of Survival 
To assess the effects of quarantine length  on sur- 
vival and biochemical parameters, we released  ran- 
domly selected rabbits in groups  of 11 (7 females, 
4 males),  20 (10 females, 10 males),  15 (10 fe- 
males, 5 males),  and  13 (8 females, 5 males)  ani- 
mals after 2, 4, 6, and  8 weeks of quarantine, re- 
spectively. We randomly subdivided each group of 
rabbits into 2 subgroups for release at 2 different 
release  areas that  were 2 km from each  other in 
Doñana Biological  Reserve in Doñana National 
Park. At each release site, we built 6 artificial war- 
rens 25–50-m apart.  Each warren  was 3 × 3 m in 
size, had 2 entrances, and was constructed of wood 
planks  and  tree  branches buried 1 m under the 
soil surface.  To reduce initial  mortality  and  dis- 
persal of rabbits,  we enclosed each warren within 
an 80-cm high wire mesh fence, creating a fenced 
area of about  6–8-m diameter. Following their  re- 
lease from  the  warrens  in the  morning, we con- 
fined rabbits  to the fenced  areas until  the fourth 
day after  release  (3 nights), during which  time 
they had  unlimited access to water and  lucerne 
hay (Calvete and Estrada 2004). We monitored the 
enclosures daily during this period to verify that 
all the radiotagged rabbits remained within them. 
Subsequently, we removed the fences, and the rab- 
bits were released  from the enclosures. 
We monitored rabbits  for 90 days after release 
using daily telemetry location  during the  first 2 
hours  after dawn and  dusk. We carried out radi- 
olocation from  fixed antennas on towers 4 m in 
height  and  500 m from the  release  area to avoid 
disturbing the rabbits.  When we did not observe 
change in an activity sensor we located  the rabbit 





Fig. 1. Variation of body mass of quarantined European wild rabbits at different quarantine lengths expressed as body mass at re- 
lease relative to body mass at capture. Ratios are expressed as percents. Confidence intervals are set at 95%. All rabbits had 
100% values at week zero. Squares: females, triangles: males. 
 
 
using a hand-held antenna and  physically ap- 




We analyzed the effect of quarantine length  on 
body mass by ANOVA, with pregnancy nested 
within sex and the 4 quarantine length  groups  as 
factors. We expressed the  dependent variable as 
the body mass at release relative to the body mass 
at the start of quarantine. 
We assessed the  combined variation  of all bio- 
chemical  parameters throughout the quarantine 
by MANOVA for repeated measures  with 2 levels 
(quarantine factor);  and we used pregnancy 
nested within sex and quarantine length  as the be- 
tween factor design. We determined the variation 
of each individual  parameter by subsequent 
ANOVAs for repeated measures, with 2 levels for 
each  factor (i.e., at the  start and  end  of quaran- 
tine). In  addition, we determined the  absolute 
variation of RI through quarantine by ANOVA for 
repeated measures. We used  pregnancy nested 
within sex and quarantine length  as the between 
factor design and RI at the start and end  of quar- 
antine as the within factor design, with 2 levels. 
Since rabbits had high prevalence of natural anti- 
bodies against RHD and myxomatosis at the start of 
quarantine, we determined the dynamic of immu- 
nity induced by vaccination and the possible associ- 
ation  between  immunity  and the physiological  sta- 
tus of rabbits; as a first step, we used a simple linear 
regression with no intercept. In our analysis the de- 
pendent and independent variables were RI values 
at the  end  and  at the  start of quarantine, respec- 
tively. We used standardized residuals of this regres- 
sion as dependent variables in a subsequent multi- 
ple regression analysis; we included the following in 
the initial model  as independent variables: sex and 
gestation (as dummy variables),  biochemical para- 
meters,  duration of quarantine (in days) and RI at 
the start of quarantine. We used a backward elimi- 
nation procedure to obtain  the final model. 
We employed Cox’s proportional hazard  regres- 
sion model  for censored data (Therneau and 
Grambsch 2001) to determine the association  be- 
tween the risk of dying during quarantine and bio- 
chemical  values at the start of quarantine. We in- 
cluded  sex and  gestation in the  initial model  as 
dummy  independent variables. We obtained the 
final model  by a backward  selection  procedure 
based on the likelihood ratio test (LRT). 
We used a second  Cox’s proportional hazard  re- 
gression  model  to determine the  association  be- 
tween the  risk of dying after release  and  the  bio- 
chemical  parameters, and the association  between 
the risk of dying and the time the rabbits remained 
in quarantine. We included the time in quarantine 
in the initial model  as a categorical variable with 4 
levels (2, 4, 6, 8 weeks), with 8 weeks being the con- 
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 Mean SE Mean SE P 
Total bilirubin (mg/dL) 0.177 0.013 0.145 0.007 0.030 
Conjugated bilirubin (mg/dL) 0.061 0.006 0.051 0.005 0.236 
Unconjugated bilirubin (mg/dL) 0.116 0.011 0.094 0.008 0.095 
Conjugated/unconjugated ratio 14.565 5.838 23.905 10.670 0.427 
AST (SF U/mL) 77.560 6.460 52.175 9.791 0.032 
ALT (SF U/mL) 48.526 2.435 34.202 4.516 0.006 
Urea nitrogen (mg/dL) 42.349 1.778 30.201 0.790 <0.001 
Creatinine (mg/dL) 0.835 0.033 0.902 0.065 0.340 
Serum proteins (g/dL) 6.395 0.104 6.461 0.143 0.710 
Albumin (g/dL) 1.998 0.063 2.006 0.064 0.905 
Total globulins (g/dL) 4.397 0.096 4.455 0.104 0.690 
γ-globulins (g/dL) 1.716 0.062 1.740 0.057 0.767 
Albumin/globulins ratio 0.477 0.020 0.456 0.014 0.274 
Heterophil/linfocyte ratio 2.391 0.283 1.776 0.622 0.318 




trol    level.   We   re- 
garded sex, gestation, 
Table 1. Biochemical parameters of translocated European wild rabbits at the start of quarantine 
and prior to release. P values were determined for quarantine factor, independent of quarantine 
length. P values < 0.05 are in bold type. 
and release area as in-    
dependent variables. 
We obtained the final 
model following the 
same elimination pro- 
cedure as above.  We 
calculated cumulative 
survival rates by the 
Kaplan-Meier prod- 
uct-limit method. Sta- 
tistically significant 
differences were es- 




Variation   of  body 
mass during quaran- 
tine followed a similar pattern for both sexes (Fig. 
1). Upon  being quarantined, rabbits lost body 
mass; we observed the lowest mean  body mass af- 
ter 2 weeks of quarantine. Body mass increased 
between weeks 2 and 4 and was stable over the re- 
maining 4 weeks of quarantine. For male rabbits, 
the stable body mass values were close to those at 
the  start of quarantine. For female  rabbits,  body 
mass values stabilized  at lower levels than  at the 
start of quarantine, since all the pregnant females 
(24/39 or 61.5%) aborted or produced litters 
within the first 5 days of quarantine, probably  due 
to stress. All the litters died a few hours after birth 
as they were abandoned or killed by the  female. 
An ANOVA model fitted to variation of body mass 
during quarantine showed statistically significant 
differences by sex (F1,55 = 24.39, P < 0.001) and by 
quarantine length  factor (F3,55  = 5.06, P = 0.004) 
but not  by pregnancy. It is likely that  females  at 
the start of gestation were not detected by palpa- 
tion  and  that  aborted fetuses were not  found or 
were reabsorbed by females. Post-hoc compar- 
isons performed with an LSD Fisher test did not 
show significant  differences between  groups  for 
males. However, the body mass ratio of females af- 
ter 2 weeks of quarantine was significantly  lower 
than  after 4 (P = 0.003), 6 (P = 0.013), or 8 weeks 
(P = 0.002). 
Multivariate  repeated measures  model  fitted to 
the biochemical parameters through quarantine 
showed  that  quarantine and  quarantine length 
were the primary factors associated with variation 
in the biochemical parameters (Wilks = 0.40, F11,42 
= 5.63, P < 0.001; Wilks = 0.35, F33,124  = 1.61, P = 



















0.033, respectively).  Neither sex nor  pregnancy 
had statistically significant effects on these bio- 
chemical  parameters. 
Total bilirubin, AST, ALT, and urea nitrogen all 
decreased significantly (P < 0.05) from the start to 
the  end  of quarantine (Table 1), and  univariate 
ANOVA tests showed  significant  differences by 
quarantine factor  for each  of these  parameters. 
We also found a significant increase  in hematocrit 
values during quarantine. The  remaining para- 
meters showed no significant changes. Interaction 
between the quarantine repeated measures  factor 
and quarantine length  factor was significantly re- 
lated  to variations in urea  nitrogen (F3,56 = 7.3, P 
< 0.001) and  hematocrit (F3,56  = 2.98, P = 0.040). 
Post-hoc  comparisons performed with the  LSD 
Fisher  test showed  that  the  group of rabbits  re- 
leased  after  2 weeks of quarantine exhibited no 
significant  increase  in urea  nitrogen (P = 0.870), 
while the rabbits  released  at 4 (P < 0.001), 6 (P < 
0.001), and 8 weeks (P = 0.014) showed significant 
decreases.  The  2-week group also showed no sig- 
nificant decrease (P = 0.452) in hematocrit, in con- 
trast to the increases  exhibited by the other 3 
groups.  In this case, post-hoc  comparisons were 
not statistically significant for the groups  released 
at 4 (P = 0.123), 6 (P = 0.140), and  8 weeks (P = 
0.205). 
Most  rabbits   had   natural  antibodies against 
RHD (83.6%) and myxomatosis (80.6%) at the 
start of quarantine. Immunity induced by vacci- 
nation against myxomatosis and RHD was not sig- 
nificantly  associated  with any biochemical para- 
meter, sex, pregnancy, or quarantine length  (P > 
    
Heterophil/linfocyte ratio 0.806 0.264 0.002 tio   AST activity  creati- 
Conjugated/unconjugated ratio 0.013 0.006 0.032  
AST 0.040 0.014 0.004  
Creatinine 6.158 2.214 0.005 conjugated/unconju- 









the  start  of  quarantine 





Fig. 2. Daily mortality and cumulative survival rates of European wild rabbits through the quarantine period. Confidence intervals 
(dotted and vertical lines) are set at 95%. 
 
0.05). Vaccination  against RHD had  a significant 
effect on immunity  (F1,59 = 18.13, P < 0.001), with 
a mean RI (± SE) of 5.70 ± 0.43 at the start of quar- 
antine, rising to 6.67 ± 0.41 at release.  Of the  11 
rabbits seronegative at the start of quarantine, 
however, only 5 (45%) seroconverted at the time 
of release.  In  a similar  way, vaccination against 
myxomatosis also increased immunity significantly 
(F1,59  = 35.16, P < 0.001); the mean  (±SE) RI was 
6.09 ± 0.47 at the start of quarantine, increasing to 
8.53 ± 0.37 at release.  Of the 13 rabbits seronega- 
tive at the  start of quarantine, 9 (69%) serocon- 
verted by the time of release. 
Of the 67 rabbits initially housed in quarantine 
facilities, 4 males and  4 females died  during the 
56-day quarantine. All deaths  occurred between 
days 4 and  23, resulting in a cumulative survival 
rate  (±SE) for  the  whole  quarantine period of 
86.82% ± 4.37% (Fig. 2). 
Table 2. Biochemical parameters significantly related to risk of dying in translocated European 
wild rabbits. Cox’s regression analysis was utilized to calculate the relationship between bio- 
chemical parameters at the start of quarantine and the risk of dying through quarantine and 
between biochemical parameters at the end of quarantine and the risk of dying after release. 
Cox’s regression model 
fitted to survival quaran- 
tine data (r 2 = 0.35, LRT 
   = 28.8, df = 5, P < 0.001) 
  Cox’s parameter SE P 
Through quarantine 
showed    that    the    het- 
erophil/lymphocyte  ra- 
 





Urea nitrogen 0.067 0.030 0.024 
Hematocrit – 0.090 0.043 0.036 
cant, positive association 
   with  the   rate   of  dying 





Fig. 3. Survival rates up to 90 days after release of European wild rabbits released after 2, 4, 6, and 8 weeks of quarantine. Cumulative 
survival rate for each quarantine length group and daily mortality rate (with 95% confidence intervals) for all release groups combined. 
 
 
during quarantine, whereas total serum  proteins 
showed a negative association  (Table 2). 
After release, the cumulative survival rate (±SE) 
of all rabbits at day 90 of the survey was 43.83% ± 
6.71%. Mortality due  to translocation was higher 
during the  first days after release,  with the  main 
mortality  period extending until  day 22 (Fig. 3) 
when  the  cumulative survival was estimated at 
53.15% ± 6.71%. At this time, survival was 45.45% 
± 15.01%, 56.68% ± 11.6%, 46.15% ± 13.83%, and 
61.54% ± 13.49% for the groups  released  after 2, 
4, 6, and 8 weeks of quarantine, respectively. 
Cox’s proportional hazard  regression model  fit- 
ted to the survival data up to day 23 after release 
(r 2 = 0.24, LRT = 15.5, df = 3, P = 0.001) showed 
that the risk of dying after release was positively re- 
lated  to the  concentration of urea  nitrogen and 
negatively related to hematocrit level and  the al- 
bumin/globulins ratio  (Table 2). The  risk of dy- 
ing was not significantly associated with sex, preg- 
nancy at the  start of quarantine, release  area, or 
quarantine length. We saw similar findings  when 
the  regression model  was fitted to data obtained 
up to 90 days after release, but no model  fitted the 
data obtained between days 23 and 90 of the survey, 
showing that the association between the bio- 
chemical  parameters and the risk of dying was ob- 
servable only during the first days after release. 
 
DISCUSSION 
Capture and  transport have been  identified as 
main  sources  of stress for wild species ( Jacobson 
et al. 1978, Brelurut et al. 1991, Millspaugh  et al. 
2000). Our  results supported these  findings  and 
suggested  that  wild rabbits  also experience stress 
at these  times. The  relatively high  total bilirubin 
     
 
concentrations at the start of quarantine were due 
primarily to the high levels of unconjugated biliru- 
bin that likely resulted secondarily from increased 
hemoglobin from hemolysis caused by acute stress 
(White et al. 1991, Vassart et al. 1992, Marco et al. 
1997, Millspaugh  et al. 2000). In previous  studies 
with other species,  an acute  stress response was 
usually associated with high hematocrit values, 
since stress causes splenic contraction and release 
of erythrocytes  to the  peripheral circulation ( Ja- 
cobson et al. 1978, Marco et al. 1997). In our find- 
ings, however, blood  collection took place some 
time after the initial stress of capture and hemol- 
ysis may explain  lower hematocrit values observed 
at the  start of quarantine relative to those  at the 
end of quarantine. 
Our finding that the AST and ALT levels observed 
at the start of quarantine were high but declined sig- 
nificantly throughout the quarantine period also 
suggested  that capture and transport caused high 
stress in rabbits. Both enzymes were associated with 
muscle damage  due to the stress of capture in wild 
species, with decreases observed  a few days after 
capture (Jacobson et al. 1978; Brelurut et al. 1991; 
Marco et al. 1997, 1998). Similar results were ob- 
served in domestic  rabbits after heat stress (Amici 
et al. 2000); however,  determination of creatine 
kinase (CK) activity may be a more useful approach 
to determine muscle injury in future surveys. 
Blood urea nitrogen may be significantly altered 
by protein catabolism,  protein synthesis, or both 
(Fox  and  Laird  1999). Increased urea  nitrogen 
was related to  increased tissue  catabolism as a 
stress response in wild and  domestic  species (Ja- 
cobson  et al. 1978, Kock et al. 1987, Marco et al. 
1998),  including domestic  rabbits  (Amici  et al. 
2000). Increased urea  nitrogen levels, however, 
were also associated  with low protein intake 
(Morisse  et al. 1982) or ingestion of low quality 
protein (i.e., when amino  acids are not properly 
balanced; Bora et al. 2001). Hence, the decreased 
levels of urea nitrogen we observed in wild rabbits 
through the  quarantine period may have been 
due  to a decrease in the acute  stress response af- 
ter capture and transport and to the intake of high 
quality proteins in a diet based on commercial pel- 
lets  (increasing their  physiological  condition). 
Our  finding  that  urea  nitrogen levels decreased 
sharply after 2 weeks of quarantine (i.e., when the 
rabbits were allowed full access to the commercial 
feed)  is further support for the latter. 
Although urea  nitrogen levels are usually influ- 
enced by pregnancy or sex, and creatinine and to- 
tal protein are  usually influenced by pregnancy 
(Fox and Laird 1999), we found no such statistical 
associations  for any of these parameters,  possibly 
because the stress response overlapped any baseline 
differences. Also, we did not observe any association 
between  biochemical parameter and  quarantine 
length, except  for hematocrit and  urea  nitrogen 
that  were only altered in the group of rabbits  re- 
leased  after 2 weeks of quarantine, a group that 
had the lowest body mass ratio. This biochemical 
profile suggested  that quarantine induced less 
stress than  capture and  transport. Thus,  the  pat- 
tern  we observed  in this set of biochemical para- 
meters through quarantine may be due to the access 
to high quality feed beginning after 2 weeks of quar- 
antine and  to the  gradual  decrease of the  acute 
stress response after capture and transport. Our lack 
of baseline  reference values for rabbit  biochemical 
parameters in the wild, however, precluded us from 
evaluating  the degree of adaptation of these rab- 
bits to restraint during quarantine. 
Seroconversion induced by vaccination against 
myxomatosis  and  RHD was not affected  by quar- 
antine length. This was likely due  to antibodies 
against  both  viruses reaching steady-state  levels 
within  2 weeks of  vaccination  (Argüello  1986, 
1991). While we observed no correlation between 
any biochemical parameter and  seroconversion, 
our results suggested  that  the efficacy of vaccina- 
tion, as shown by the proportion of initially 
seronegative rabbits  that  were seropositive  at the 
end of quarantine, was lower than in domestic  rab- 
bits, especially for vaccination against RHD (Pages 
1989, Argüello 1991, Smid et al. 1991, Simon et al. 
1993). These findings suggested that the effects of 
booster  vaccination during quarantine should  be 
evaluated and  the  efficacy of immunization 
against both  diseases improved in the future. 
We found that the risk of dying through quaran- 
tine was associated with biochemical parameters of 
the rabbits at the start of quarantine. Since the phys- 
iological condition of the rabbits at their reception 
in the quarantine facilities was probably  related to 
the severity of pre-bleeding events (i.e. capture, pre- 
quarantine restraining, transport), the biochemical 
parameters associated  with mortality during quar- 
antine likely reflected the acute stress response of 
individual rabbits to capture and handling (Calvete 
et al. 2004), as well as the length  of the restraining 
period prior to quarantine. Thus, the association of 
risk of dying during quarantine with low serum pro- 
tein levels and high conjugated/unconjugated 
bilirubin ratio (mainly  due to high levels of conju- 
gated bilirubin) may reflect the physiological  dete- 
rioration that  occurred between  capture and  re- 
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ception at the quarantine facilities, since rabbits had 
no access to high quality food during this period. 
The heterophil/lymphocyte ratio and the levels 
of AST and creatinine are usually associated  with 
the alarm phase of the stress response. Cate- 
cholamines are responsible for the  mobilization 
of heterophils during the first hours  after the on- 
set of a stressful situation, as well as for increased 
catabolism.  In wild ungulates, AST has been  asso- 
ciated with mortality  by capture myopathy  due to 
stress (Vassart et al. 1992), while in stressed bighorn 
sheep, creatinine, which is a subproduct of muscle 
catabolism, has been associated with short-term 
mortality (Kock et al. 1987). Moreover,  Amici et al. 
(2000) showed that immune cell functions in rab- 
bits may be strongly compromised by their  expo- 
sure to acute stress, leading  to possible reduction 
in the resistance to infectious agents. Hence, rab- 
bit mortality  during quarantine may be partially 
related to the intensity of acute stress due to cap- 
ture and transport and to incorrect handling prior 
to quarantine (e.g., trappers not giving rabbits ac- 
cess to feed for long periods  after capture). 
Our  finding  that mortality  due to translocation 
was higher during the first days after release is in 
agreement with previous  findings  (Calvete  et al. 
1997, Letty et al. 2002). While the risk of death af- 
ter release was positively related to urea  nitrogen 
levels and  negatively to hematocrit and  the albu- 
min/globulin ratio,  it was not dependent on the 
length  of time the rabbits were kept in quarantine. 
This suggested  that  mortality  was not dependent 
on the length  of restraint, but it may be negatively 
associated with the rabbits’ physiological condi- 
tion  at the  time of release.  The  widespread vari- 
ability of biochemical parameters and  body mass 
we observed  was indicative  of the high  variability 
of body condition among  individual  rabbits  dur- 
ing the quarantine period. Since body condition 
was partially dependent on the  unlimited access 
of rabbits to high quality feed, those rabbits re- 
leased after 2 weeks of quarantine may have been 
in poorer overall condition; thus, they had a lower 
chance of survival after release. 
 
MANAGEMENT IMPLICATIONS 
The most common procedure for rabbit  translo- 
cations  is the  simultaneous movement of several 
tens or hundreds of individuals (Calvete et al. 1997) 
and the use of quarantine facilities designed to con- 
trol and manage high numbersof individuals due to 
small body size and low individual  economic cost. 
These facilities increase  the degree of confinement 
of animals and decrease the quality of environment 
during quarantine, and  they may affect behavior 
and reduce the fitness and survival of animals after 
release, especially after long quarantines. However, 
our results showed that survival was not associated 
with quarantine length and suggested that the prac- 
tice of quarantine in small mammal translocations 
using this type of facilities would be feasible. 
We suggest the following improvements in future 
rabbit  translocation programs that include quaran- 
tine: (1) Decrease the acute stress induced by cap- 
ture, transport, and inappropriate handling prior to 
quarantine (e.g., by decreasing elapsed time between 
capture and the start of quarantine). (2) Improve the 
efficacy of current vaccination protocols against myx- 
omatosis  and RHD (e.g., by testing  alternative im- 
munization schemes that include booster injections). 
(3) Facilitate more rapid access to high quality feed 
to reduce the initial deterioration of body condition. 
(4) Measure variations in body condition through- 
out  quarantine (e.g.,  body mass).  Thus,  the  re- 
lease from quarantine of an individual  rabbit  will 
also be determined by its physical condition, not 
merely by elapsed  time in quarantine. 
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